Previous research has provided evidence of autonomic, endocrine, and immunological dysregulation in repressors and a possible association with cancer incidence and progression. Recently published data from the authors' laboratory demonstrated that flatter diurnal cortisol slopes were a risk factor for early mortality in women with metastatic breast cancer. In the current analysis of this same sample (N ϭ 91), the authors tested differences at baseline between groups scored using the Weinberger Adjustment Inventory on diurnal cortisol slope and mean cortisol levels. When compared with self-assured and nonextreme groups, the repressor and high-anxious groups had a significantly flatter diurnal slope. Diurnal slope was similar for repressors and high-anxious groups. Groups did not differ on mean cortisol levels, nor did they differ on intercept (morning) values.
Cortisol, a component of the stress response, mobilizes glucose for "fight or flight" behavior and suppresses or counter-regulates less immediate physiological processes such as immune function (McEwen, 1998) . Among most healthy individuals, cortisol levels are highest just after awakening and decrease throughout the day (Stone et al., 2001) ; however, several researchers have demonstrated that significant between-subjects variation in diurnal cortisol rhythm exists (Smyth et al., 1997; Stone et al., 2001 ) with 10%-20% of healthy individuals exhibiting aberrant rhythms. Although it is yet unclear whether aberrant rhythms are associated with health consequences in normal individuals, our laboratory has demonstrated that aberrant rhythms predicted early mortality among breast cancer patients (Sephton, Sapolsky, Kraemer, & Spiegel, 2000) .
Other researchers have also found that aberrant circadian rhythmicity is associated with cancer incidence and progression (Mormont & Levi, 1997) . Risk of breast cancer has been associated with abnormal circadian patterns in an array of hormones including cortisol, and was increased in two studies of nighttime shift work (for a review, see Sephton & Spiegel, 2003) . Animal studies suggest that central control of the circadian rhythm may be crucial for the operation of cancer defense mechanisms. Indeed, experimental elimination of circadian rhythms in mice has been shown to speed tumor growth (Filipski et al., 2002) . It is unclear if circadian disruption is causative or simply a marker for poor disease status (Mormont & Levi, 1997) .
Research with healthy populations has indicated that dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis may result from the cumulative effects of repeated stress (McEwen, 1998) . Altered diurnal cortisol profiles have been associated with chronic stress (Chrousos & Gold, 1998) , depression (Deuschle et al., 1997) , unemployment (Ockenfels et al., 1995) , and posttraumatic stress disorder (Yehuda, Teicher, Trestman, Levengood, & Siever, 1996) . Aberrant cortisol rhythms may appear as a response to the chronic stress of cancer (McEwen, 1998) . Because it is unclear how such circadian cycles become disrupted, it is important to understand the relationship between individual differences in coping responses and HPA rhythmicity (Gunnar & Vazquez, 2001; Stone et al., 2001) .
It is likely that individual differences in coping influence both one's ability to recognize potentially stressful situations and to respond to them in ways that allow for a quick return to physiological baseline (Temoshok, 2000) . The tendency to repress awareness of distressing emotions and cognitions may lead to inaction in stressful situations (Brown et al., 1996) . This inaction may preclude the timely resolution of ongoing difficulties, resulting in a sustained physiological stress response (Temoshok, 2000) . In contrast, people high on trait anxiety and low on defensiveness are likely to attend to potential threats and to maintain cognitive vigilance in ways that chronically heighten their physiological responses and amplify their reports of anxiety (Derakshan & Eysenck, 1997b; Weinberger, Schwartz, & Davidson, 1979) . Though these styles differ in strategy, "repressors' defensiveness and preoccupation with avoiding awareness of anxiety often may interfere with effective coping and, paradoxically, promote behavioral and physiological responses indicative of high anxiety" (Weinberger et al., 1979, p. 370) . Thus, when compared with high trait-anxious people, repressors may exhibit similarly high cortisol levels (Brown et al., 1996) and heart rate (Derakshan & Eysenck, 1997a; Weinberger et al., 1979) .
On the basis of this literature, we made three predictions (planned comparisons) about cortisol rhythms: (a) Repressors would have flatter diurnal cortisol slope levels compared with the self-assured (i.e., the truly low anxious) group; (b) compared with a self-assured group, a pooled repressor/high-anxious group would have flatter cortisol slopes because both styles theoretically result in chronic stress to physiological systems; and (c) repressors would have flatter cortisol slope levels when compared with a nonextreme group consisting of all participants who were not categorized as either high anxious, truly low anxious, or repressors. Because Brown et al. (1996) found higher mean cortisol levels for repressors compared with the low anxious in college students, we also tested this hypothesis.
Method
A subsample of 91 (out of 125) was drawn from a group of metastatic breast cancer patients in a randomized trial of Supportive-Expressive Group Therapy. The reduction in sample number occurred because of participants providing either no saliva sample or not enough to assay, or because the participants were taking a steroid or chemotherapy drug that confounded the result. The participants provided salivary cortisol and Weinberger Adjustment Inventory Long Form (WAI) data (Weinberger, 1990a) prior to randomization and were free from medications that affect cortisol (hydrocortisone, beclometh, megestrol). Subjects had Stage IV metastatic disease (complete sample description in Giese-Davis et al., 2002) .
Information on demographic, medical, and treatment variables appears in Table 1 . Comparison of the subsample used for this analysis (n ϭ 91 of 125) with the remainder (n ϭ 34) indicated that the subsample had fewer bone metastases ( p Ͻ .05), fewer estrogen receptor-positive tumors ( p Ͻ .05), and higher education ( p ϭ .05).
The WAI (Weinberger, 1990a (Weinberger, , 1990b (Weinberger, , 1997 Weinberger & Schwartz, 1990) This validated measure is composed of three subscales with adequate internal consistency in our sample: Distress (␣ ϭ .92; sub-subscales: Anxiety, Depression, Low Self-Esteem, Low Well-Being), Restraint (␣ ϭ .81; sub-subscales: Suppression of Aggression, Impulse Control, Consideration of Others, and Responsibility), and Defensiveness (␣ ϭ .74; subsubscales: Repressive-Defensiveness [RD], Denial of Distress). One-year test-retest reliability (Pearson's r) in the control group for this randomized trial was adequate (Restraint ϭ .75; RD ϭ .66; Giese-Davis & Spiegel, 2001) . The WAI correlates moderately with the Marlowe-Crowne Social Desirability Scale (MC) and the Taylor Manifest Anxiety Scale (MAS) (Derakshan & Eysenck, 1997a) .
WAI Groups
We used WAI norm cutoffs based on an adult sample collected in our same geographic area per Weinberger's (1990a Weinberger's ( , 1990b Weinberger's ( , 1997 Weinberger & Schwartz, 1990) instructions to categorize both self-assured (n ϭ 22) and repressor (n ϭ 15) groups using values below 63 (median) on Distress and above 123 (in the top two terciles) on Restraint. Per instructions, repressors were also above and self-assureds below 81 (top tercile) on an RD-Restraint Composite (Restraint divided by 3 plus RD). We included a high-anxious group (n ϭ 18) similar to Weinberger et al. (1979) by selecting participants above 26 (top tercile) on Anxiety (␣ ϭ .84) and below 72.22 (bottom tercile) on the RD-Restraint Composite (used to create the self-assured and repressor categories). We created a defensive/ high-anxious category (high anxiety and high defensiveness) but decided against inclusion of this group, as is common in many studies, because of a low sample size (9) and no clear hypotheses. Lastly, we created a nonextreme (n ϭ 36) group for all women scoring outside the three categories. A high degree of overlap is likely between WAI and MC-MAS categories of repressor, self-assured/truly low anxious and high anxious (Brown et al., 1996) .
Groups differed on age at randomization ( p Ͻ .05) and age at metastatic diagnosis ( p Ͻ .05; Table 1 ). Groups did not differ on other demographic and medical variables. Self-assured and repressor samples were older than the others combined, both at diagnosis ( p Ͻ .01), and at metastasis ( p Ͻ .01). Age at randomization and at metastatic diagnosis were both unrelated to diurnal cortisol slope (r ϭ Ϫ.08, ns, and r ϭ Ϫ.06, ns, respectively).
Collection of Physiologic Data
Participants collected saliva four times daily on 3 consecutive days using Salivette devices (Sarstedt, Inc., Newton, NC). Mean (and standard deviation) reported collection times were 8:06 (0:51), 12:26 (0:49), 17:25 (0:49), 20:26 (3:31) hr, approximating those suggested (0800, 1200, 1700, and 2100 hr). Group assignment was not significantly associated with missing data at any of the four times; deviations from set sample times; or self-report of health, physical activity level, stress, pain, sleeping well, time of sleep onset, waking time, or diet assessed on collection days.
Samples were refrigerated until returned and held at 4 -8°C for several days before being centrifuged, aliquotted, and stored at Ϫ70°C until 125 I radioimmunoassay. Intra-assay coefficients of variation on three different saliva pools averaged 5.3%, and the inter-assay coefficient was 12%. Assay sensitivity was 0.008 g/dL. Cortisol data were examined for outliers and one high value (Ͼ4 standard deviations above the mean) was excluded.
We calculated the diurnal cortisol slope, an estimate of how well each patient fit a descending profile (Sephton et al., 2000) , by log-transforming cortisol values and using the beta value for the slope of the regression of all 12 cortisol values on the hour of sample collection. Declining profiles had lower slopes, whereas aberrant profiles had higher slope values. The mean cortisol level was also calculated using log-transformed values.
Recent publications have indicated that multilevel analysis is appropriate for these analyses (Stone et al., 2001 ). Rogosa and Saner (1995) , however, demonstrated equivalences with simpler models (Gibbons, Hedeker, Waternaux, Kraemer, & Greenhouse, 1993) and strongly advocated their use. Moreover, we found that variances between groups were not equivalent, 
Results
A Levene's test on cortisol slope for four groups indicated variance heterogeneity ( p ϭ .01). We therefore used an omnibus Kruskal-Wallis test with four levels of group (nonextreme, selfassured, high anxious, and repressor). If significant, we used Mann-Whitney tests for the three planned comparisons. We used an "area under the receiver operating curve" statistic (general effect size used to compare two distributions) converted to a Cohen's d to examine effect sizes.
Groups differed significantly on the omnibus test, 2 (3, N ϭ 91) ϭ 8.03, p Ͻ .05 (see Table 1 for mean levels and mean ranks). We repeated a four-group omnibus Kruskal-Wallis test examining mean cortisol levels. Groups were not significantly different, 2 (3, N ϭ 91) ϭ .70, ns. Therefore, no planned comparisons were calculated (see Table 1 for mean levels and mean ranks).
Consistent with data from the parent study (Sephton et al., 2000) , we found four types of cortisol profiles (though with only four time points we cannot unequivocally classify them). Similar to studies of other cancer patients, only 40% of patients displayed the pattern of cortisol morning peak with consistent decline found in approximately 90% of healthy individuals (Stone et al., 2001) . Instead, up to 70% of advanced breast cancer patients have abnormal circadian profiles, including diminished amplitude, phase shifts, period changes, and erratic peaks and troughs (Touitou, Bogdan, Levi, Benavides, & Auzeby, 1996; van der Pompe, Anoni, & Heijnen, 1996) . In our sample, women whose cortisol declined throughout the waking hours (40%) had the lowest mean slope value, Ϫ0.125 Ϯ 0.04 log(g/dL)/hr, within the range of self-assured (M ϭ Ϫ0.11) and nonextreme (M ϭ Ϫ0.10) participants.
Another 56% had peaks occurring later in the day: 20% with a single peak occurring at 1200, 1700, or 2100 hr, Ϫ0.038 Ϯ 0.06 log(g/dL)/hr, and 36% with an 0800 peak followed by a moderate afternoon-evening elevation, Ϫ0.093 Ϯ 0.04 log(g/dL)/hr, within the range of repressor (M ϭ Ϫ0.07) and high-anxious (M ϭ Ϫ0.07) groups. Only 4% of the current sample demonstrated flattened rhythms (defined as peak to trough differences less than 1 g/dL): Ϫ0.037 Ϯ 0.08 log(g/dL)/hr.
Discussion
We found evidence supporting our hypothesis that personality or coping styles were associated with differences in diurnal cortisol rhythm in women with metastatic breast cancer. In particular, repressors had significantly flatter cortisol rhythms than selfassured (truly low-anxious) and nonextreme groups. This flattening in repressors was similar to the high-anxious group (see Table  1 ), and a pooled repressor/high-anxious group also had significantly flatter rhythms than self-assured and nonextreme groups. Large effect sizes were associated with each finding. No differences in mean cortisol levels were found.
These findings match our predictions and provide further evidence of cortisol dysregulation for repressors and the repressorplus-high-anxious group (Brown et al., 1996) . This finding adds individual difference information to a growing literature examining circadian disruption in cancer patients and may stimulate future research on mechanisms linking emotion regulation to physiological stress responses. Our results did not replicate those of an earlier study in which repression was associated with higher mean cortisol levels (Brown et al., 1996) . It is likely that any such relationships were masked by the high variability of mean cortisol levels consequent to extreme variations in diurnal cortisol rhythms among cancer patients.
Although the diurnal cortisol slope does not provide a measure of overall glucocorticoid exposure, it does capture in a single variable a number of potential aberrations in diurnal cortisol profiles, and this information appears to have clinical significance (Sephton et al., 2000) . Measures of adrenal response to stimulation by corticotropin releasing hormone and adrenocorticotropic hormone, suppression by dexamethasone, and response to laboratory stressors may provide better measures of adrenal activation among patients with cancer than does the mean cortisol level. Because such measures include an inherent control for baseline levels, which may be low or high at any time of day in cancer patients, they may be more likely to be correlated with psychosocial factors. We are currently studying such possible effects.
Knowledge of the mechanisms underlying HPA dysregulation is rapidly expanding. This dysregulation may be exacerbated by the ineffective use of cognitive and behavioral means of adapting to environmental stress (Epel, McEwen, & Ickovics, 1998) . Animal studies have provided definitive evidence that HPA reactivity to noxious stimuli depends on whether or not the animal is able to actively exert some degree of control over the aversive event (Levine, 2000) . If coping behavior is permitted, the animal will show a smaller HPA stress response than under conditions with identical exposure to adversity and no availability of active coping alternatives (e.g., Dess, Linwick, Patterson, Overmier, & Levine, 1983; Weinberg & Levine, 1977) . Individuals with both repressive and high trait-anxious styles may not accurately appraise stressful events as threatening or damaging. As such, our repressive subjects may underestimate threat and not generally initiate effective coping behaviors-such as eliciting social support, engaging in active problem solving, or expressing negative affect-because they may not consciously experience the stress that is apparently manifested in their bodies (Weinberger, 1990a) . The high-anxious group may overestimate threat, by comparison, and respond to both objectively threatening and nonthreatening stimuli with a high degree of vigilance, creating a chronic level of physiological arousal that may lead to HPA dysregulation (Brown et al., 1996) . Brown et al. (1996) conjectured that both repressors and highanxious people may also be more physiologically reactive to unpredictability than the low anxious. Future research could investigate whether chronic arousal precedes disruption in endocrine rhythms, leading to the hypothesized increase in allostatic load (McEwen, 1998) .
This study is limited by the small cell sizes of our groups, lack of prediagnosis personality measures, and its correlational/crosssectional design. It is also limited in its generalizability to fairly wealthy women with metastatic breast cancer. However, we believe that our samples of repressors and the high anxious may be similar to other samples because we used noncancer norm cutoffs to create our groups. Though repressors tend not to seek therapy, we believe that they may have volunteered for this study more readily out of the hope of living longer (Spiegel, Bloom, Kraemer, & Gottheil, 1989) . Moreover, the percentage of repressors and the high anxious in our sample is not unlike that of other published samples.
Much debate exists about the comparability and validity of repression and anxiety measures and analysis strategies (Kline, Schwartz, Allen, & Dikman, 1998) . We have used one measure and chosen to create categories rather than use it as a continuous measure. This measure has been found to correlate closely with the standard use of the MC and MAS (Derakshan & Eysenck, 1997b) . Future researchers could recruit a more representative sample and use multiple methods of categorizing repressors and the high anxious in order to assess the generalizability of this finding.
Though our study has limitations, our finding that the repressors and pooled high-anxious/repressor groups have significantly aberrant cortisol rhythms compared with the self-assured and nonextreme groups may lead to greater understanding of individual differences in circadian rhythmicity in women with breast cancer.
